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A DEVICE AND A METHOD FOR SELECTIVE CONTROL OF FLUID FLOW 
BETWEEN A WELL AND SURROUNDING ROCKS 



Field of invention 



Thxs invention concerns a device and a Method for selectively 
controlling flow path<s) of fluids between a well and 
surrounding subsurface rocks. Said fluids flow via at least 
one filter, for example a sand screen, arranged between the 
flow pipe and the surrounding rocks. Said at least one filter 
prevents solid particles from entering the well, and the 
filter hereinafter is denoted a sand screen only. 

Preferably, the well is provided with a so-called open-hole 
completion, in which the flow pipe of the well is arranged in 
an open and uncased borehole. Alternatively, the well may be 
Provided with cemented and perforated casings within which 
the flow pipe of the well is placed. Thus, said fluids flow 
v» both said filter and perforations in the cemented 
casings . 
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Preferably, the present invention is used in connection with 
petroleum recovery and preferably in connection with 
production of reservoir fluids, including crude oil and/or 

with fluid section, including water injection and/or gas 
section, into said subsurface rocks. The inventio ^ 
partxoularly useful in connection with horizontal wells and 
highly deviated wells. 
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Bac kground of the invention 

The invention bears on the fact that often, particularly in 
open-ho e-completed. sand-screen-provided wells, it is 
difficult to selectively determine, hence control, the fluid 
flew paths between the flow pipe of the well and the 
surrounding rock zones. 

This type of control of the fluid flow paths is particularly 
useful when the flow pipe of the well penetrates rocJ^T 
dissimilar flow properties, for example roc, .ones of 
dissimilar permeability. In . verCical ^ 
may consist of layered rocks. Xn a horisontal well, lateral 

Zll T S ln ^ fl ° W — «* the rocs may also 
exist, moreover, such variations may exist even when the 
horrsontal portion of the well penetrates one roc* type only. 

Under such conditions, frequently there is little or no 
pressure- and fluid communication between adjacent rocks 
having dissimilar flow orouerH.. > 

Properties, among other things, this 
may cause uneven fluid drainage of. possibly f luia L e ct on 
xnto. said rocks, leading to further known technical 
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disadvantages and problems related to the well, the reservoir 
and/or the production. 

in connection with, for example, petroleum production from a 
reservoir having zoned rocks of said type,s,, it therefore is 
desxrable to undertake successive drainage of individual 
production zones. Producing as much as possible oil and/or 
gas from a first reservoir zone, allows this to be carried 
out. In practice, the production is maintained until the 
formation water content (water cut, of the outflow assumes a 
certaxn maximum limit, after which the first reservoir zone 
xs shut off. The same steps then are carried out for a second 
reservoir zone, etc. 

Prior art and disad vantages t-w^f 

Prior art techniques comprise open-hole-completed petroleum 
production wells, the flow pipes (production tubing, of which 
are arranged with isolation means that temporarily shut off 
and, among other things, protect the wall openings of the 
production tubing until it is placed in the correct position 
m the borehole. Thereby, the inside of the production tubing 
is isolated from external • influences while running it into 
the well. Then, the isolation means is removed, thereby 
allowing reservoir fluids to flow into the production tubing 
and onwards to surface. In this context, the following patent 
publications are mentioned: US 5.355.9SS. US 5.957.205 and 
US 5.526.881. 

US 5.355.956 concerns a production tubing provided with 
radral flow apertures and an external sand screen surrounding 
the flow apertures. Said flow apertures may be provided with 
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Plugs made of . soluble aatmtiMli for ^ 

or magnesium. . liguid aissolvent/ ^ — 

acid or a base, after placing the paction tubing in the 
well absolves the plugs, and the flow apertures are opened 
to fluid inflow. Moreover, the plugs ^ be arrMged P 
manner allowing the, to protrude radiall y into the tubing 
upon wh.cn the y are removed mechanicall y b y means of prio" 
art well intervention methods. Xnstead of placing said 
soluble plugs in the production tubing, soluble nlu„= 
Placed within radial flow apertures in a ZU]ZLTl 
the outside of the production tubing and its sand screen 

witnrad'Tfr 0 *° * ^""^ 

with radial flow apertures and an external sand screen. Prior 
to installation in the well, the flow volume between the 
production tubing and the sand screen is filled with a 
temporary sealing agent, for example wax, asphalt or tar 

InstllT^ ^ SealS fl ° W ^ and 

installation of the production tubing in the well. Then by 

ITT ""V Seali — — °^ing means, f or exa^ 
hot steam, the sealing agent is l iTJefied and flo „ s ^ 

f i tfloT' upon whioh the flow ~" « — to 



Similar to that of us 5.355.956. US 5 . 526 . 881 alsQ 
a production tubing provided with radial flow apertures 
Within which soluble metal plugs are placed, the plugs 
sub seg uentl y disintegrating b y means of a li^ dissolvent 
for example an acid or a base, being pumped down to these ^d 
opening to fluid inflow. However, the production tubing 
according to US 5.5 26 . 88 l is not proviae<J ^ & 
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A substantial disadvantage of all the above-mentioned, prior 
art isolation solutions is that it is difficult or impossible 
to selectively open one or several specific flow apertures in 
the flow pipe at different moments of time. Thus, it is 
difficult or impossible to selectively determine, hence 
control, the fluid flow paths between the flow pipe of the 
well and the surrounding rock zones during a recovery period 
or miction period. In practice, all flow apertures are 
usually opened simultaneously opposite adjacent rock zones 
whereas other rock zones along the flow pipe remain isolated 
wrth respect to fluid flow. This may easily result in an 
unfavourable pressure- and flow pattern in the well and/or in 
the surrounding rocks. Prior art isolation solutions 
therefore exhibit a relatively small operational flexibility 
Any re-completion or opening of one or several of said other 
rock zones at a later point in tixne usually will reguire a 
relatively complex, comprehensive and expensive intervention 
operation. 



Also, the above-mentioned, prior art metal plugs or sealing 
agent will not withstand large pressure differentials that 
may exist between the inside and outside of the flow pipe 
whereby they unintentionally may burst and disintegrate 



Objects of the uivctH^ 



The primary object of the invention is to avoid or reduce the 
above-mentioned disadvantages of prior art. The specific 
object of the invention is to render possible, during a 
period of time, selective control of fluid flow paths between 
a flow pipe of a sand- screen-provided well and surrounding 
rocks. Thus, and by means of separate well intervention 
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inflow or outflow positions alo„ g the flow pipe 

or shut off selective!, and timely , thereby ^ J *^ 

flow paths into or out of the well. 

A particular object is to avoid or ^rl^o 

disadvant-*™ ■ S abo ^-mentioned 

disadvantages ln an open-hole-completed well. 

How to achieve the objects 

follow^"! 8 ^ aChieVSd thr ° U9h £SatUreS i« th. 

following description and in subsequent claims. 

At least one longitudinal portion of said flow pipe is 
provided with an external, flow-through sand screen of 
suitable length, the flow pipe consisting of several 
interconnected base pipes constituting a pipe string 
extending to the surface of the well. Xn position of use the 
outside of the sand screen faces outward towards a borehole 
for example an uncased borehole, and it is placed in a 
suitable well position to achieve fluid co^unication with 
the desired rocx zone. Th e fil ter medium „ f ^ sanfl 

°°7 0ted ^ 3 £1 ° W - thr - h "~ - the flow pipe via a 
flow channel. The filter m ediu. is co mp rised of. for exZple 
»rre windings wound at a «u internal ^ aistanc ™: e 
utside of peripherally distributed axial lists/strips on the 
now pipe, in which case said flow channel is divided into 
several axial channel segments by said lists. Xn prior art 
sand screens the flow pipe wall inside of said flow channel 
xs provided with flow apertures, usually bores, prior to 
inserting and installing the flow pipe in the well 



WO 2004/113671 



7 



PCT/NO2004/000175 



10 



15 



20 



According to a first aspect of the invention, and contrary to 
such prior art sand screens, the flow pipe wall i s 
imperforated inside of and vis-a-vis the sand screen when 
xnstalling the flow pipe in the we ll . As such , the p . pe ^ 
inside of said flow channel is not perforated or provided 
with flow apertures when inserting and installing the flow 
Pipe in the well. According to the invention, the pipe wall 
xs perforated inside of said flow channel after first having 
installed the flow pipe in the well, and in association with 
a separate well intervention. The perforation operation is 
carried out by means of a perforation tool, for example a 
perforation gun of known type, which is lowered into the well 
by means of a cable, coiled tubing or drill pipe. Preferably 
the perforation is executed by means of custom-made explosive 
charges, so-called shaped charges, which provide blast holes 
of desired shape using an adapted explosive force. Damage to 
the external filter medium (particle filter) thus may be 
avoided, in order to avoid such damage, custom-adapted 
materials also may be utilized in the perforation region of 
the flow pipe and/or in the filter medium. Moreover the 
filter medium may be placed at a somewhat larger distance 
from the flow pipe than what otherwise would be common for 
prior art sand screens. 



25 



30 



According to a second aspect of the invention, said sand 
screen is axially connected in a flow-through manner to a 
sleeve placed between the flow pipe and the sand screen. The 
sleeve is placed at a radial distance from the flow pipe and 
on its outside. At its opposite, axial end portion, the 
sleeve is pressure-sealingly connected to the flow pipe In 
this case, both the sleeve and the sand screen define the 
outside of said flow channel between the sand screen and the 
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flow pipe, whereas the flow pipe defines the inside of the 
flow channel. Prior to installing the (low pipe in the well 
the flow channel is closed toward the flow pipe by means of' 
the flow pipe being imperforated inside of the channel 
According to the invention, the flow pipe is perforated after 
first having installed the flow pipe in the well, and 
according to this aspect of the invention, the pipe wall vis- 
a-vrs said sleeve is perforated. For example, the perforation 
is earned out in a manner disclosed according to the above- 
men tl o„ed, first aspect of the invention. Said sleeve is of a 
shape and/or is made from custom-adapted materials preventing 
perforation through the wall of the sleeve, after perforation 
of thrs flow pipe wall, said flow channel is open to 
throughput and may conduct fluids, via the sand screen 
between the flow pipe and surrounding rocks. Such a flow path 
is achieved only if the sleeve wall is not perforated during 
said perforation operation. During fluid production from the 
rocks, the sleeve will be placed downstream of the sand 
screen. During fluid injection into the rocks, however, the 
sleeve will be placed upstream of the sand screen. 

* r Siti ° n ° f 3 re9i ° n ° f thS f loW «*» ^0 be perforated at 
a subsequent occasion may be localized in various ways. For 
example, the position of the region within the pipe string 
may be recorded relative to a reference point, usually the 
upper end portion of the pipe string. Having placed the flow 
Pipe m position of use within the well, said region for 
perforation is localized through measuring from the reference 
point. Due to the pipe string being subjected to tensile 
extension while in position of use, however, this method may 
be too inaccurate for this purpose. 
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The at least one flow pipe region to be perforated 
subsequently, preferably is identified by means of a signal- 
transmitting mark, for example an insert or a chip, attached 
at a suitable plaoe in or near the relevant perforation 
reg 10 n(s) prior to installing the flow pipe in the well The 
mark may consist of a radioactive chip or insert placed along 
the base pipe of the sand screen, for example in the sand 
screen, in the said sand-screen-connected sleeve, or in the 
base pipe connection socket, m the subsequent perforation 
operation, a prior art logging tool recording radioactive 
emission, may be utilized together with the perforation tool 
111 ° rder t0 locali2 * the perforation region in the pipe wall. 

By using a flow pipe being imperforated when installed in the 
well, and being provided with several sand screens and 
possible associated sleeve according to this invention, one 
or several sand- screen- connected pipe wall portions may be 
perforated selectively and at different times during a time 
period. In connection with such subsequent well 
interventions, fluid flow through at least one pipe wall 
portion of the flow pipe may also be shut off, for example by 
means of a shut-off plug/hridge plug internally in the flow 
Pipe. Then at least one new sand-screen-connected pipe wall 
portion of the flow pipe may be perforated and arranged for 
fluid flow therethrough. 



Thus, the fluid flow paths between the well and surrounding 
rooks may be controlled selectively and timely. The 
performance and utilization of the well and the rocks 
surrounding it thus is improved appreciably. In connection 
with installation of the flow pipe in the well, also external 
prpe packers of known types are utilized to isolate such sand 
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screens and associated rocx zones from other sand screens and 
rock zones. 



in horizontal wells and highly deviated wells, such an 
perforated and sand-screen-provided flow pipe provides a 
further advantage, m such wells, it may be problematic to 
introduce a common pre-perforated flow pipe into the 
horizontal or highly deviated section of the well, mostly due 

When tb r bet " 6en b0reh0lS ^ fl ° W — ~- 

Is Z I I , PS ^ imPerf ° ratea - — *«* K-r end portion 
is bunded off, the flow pipe may be filled with a suitable 
fluid, for example nitrogen gas, providing the pipe with a 
buoyancy effect, which reduces said friction. Then the pipe 

saTd flT'^ ° nWardS " 3 deSlred ^ th - — 

said fluid is released from the pipe. 

Short description of the dr m in ne 

Figure 1 shows a schematic and part section through a 
production tubing of an uncased well. in which the production 
tubing is provided with a sand screen and an axially 
connected sleeve, and in which the figure shows the 
production tubing in an imperforated state; and 

Figure a shows the sa^e as figure 1, except this figure shows 
the production tubing in a perforated state, in which the 
Pipe wall inside of the sleeve is perforated, thereby 
allowing fluids to flow from adjacent rocks via the sand 
screen and the sleeve and into the production tubing 
Alternatively, the fluids may flow in the opposite direction 
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Moreover, the components of the figures are shown si mplified 
ana distorted regarding, relative si.es, le n g th s , tranLL 
dimensions, etc. e 

Descripti on of an ©*-*Tm->l « ^ , 

— """"P 1 ' ° f ^ e mbodime nt of th. < J ::;:::;: . :i:iL 

Figure 1 shows a section of a horizontal portion of an 
uncased borehole 10 of a production well, in which said 
horizontal portion penetrates a reservoir roc* 12. The figure 
shows a base pipe 14 of the productlon ° ' — 

the proauction tubin g being placed in the borehole XC and' 
extending up to the surface. 

At least one base pipe 14 of the production tubin g is 
provided with an external c.=,r,^i 

n external sand screen 16 affixed, by means of 

" ' 2 ^ 3 °— 24, respectively, both of which 
are connected to the base pipe 14 0 nlv f h= „ 
th . y p la • ° nly the end portions of 

the sana screen 16 are shown in the figures. 

The filter medium in the sand screen 16 consists of „ ire 

::tr: 26 wouna on the ° utside ° f — -»-» 

ZZZZT* 3 ri " 9 - Sha - d <*«■*- 23 thereby 

existing between the windings 26 and the pipe 14. 

The connection ring 24 is provided with an inner, ring-shapea 
Passage 30 being open to axial throughput. *n end portion 32 
of an axial sleeve 34 is connected on the outside of the 
connection ring 24, the connection ring 24 thus connecting 
the sleeve 34 and the sand screen «. Thereby , . xirig _° 
sleeve chamber 36 exists between the sleeve 34 and 1 base 
P« 1*. Together with said passage 30 in the connect on r n g 
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24, the filter chamber 28 and the sleeve chamber 36 form a 
flow channel 38. 



on 



The opposite end portion 40 of the sleeve 34 is connected „, 
the outside of an inner shrink ring 42 . The shrink ring 42 is 
provided with a radial bore 44 within which a radioactive 
rnsert 46 is placed, which is maintained therein by means of 
a securing screw 48. The inner shrink ring 42 and also said 
rnner shrink ring 22 each is provided with its own internal 
ring gasket 50, 52, respectively, sealing against the base 
pipe 14. 

According to the present invention, the flow pipe wall, in 
thxs case the production tubing wall, is imperforated inside 
of the sleeve chambers 36 upon installation of the flow pipe 
xn the borehole 10, cf. figure 1. 

Figure 2 shows the base pipe 14 after being perforated by 
means of a perforation gun (not shown) , which has been 
lowered into the well by means of a cable together with a 
logging tool (not shown) capable of recording radioactive 
emission from said radioactive inserts 46. By means of the 
logging tool, and prior to carrying out perforation of the 
base pipe 14, the position of the insert 46 in the pipe 14 is 
recorded. Based on this information, the perforation gun then 
13 PlaCSd ±n C ° rreCt Position directly opposite the sleeve 
chamber 36, whereupon the wall of the base pipe 14 is 
perforated. Figure 2 shows perforation apertures 54 through 
the base pipe 14 and into the sleeve chamber 36. Thereby 
saxd flow channel 38 is made accessible to reservoir fluids 
that may flow therethrough from the rock 12 and into the 
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production tubing. Alternatively, the flow channel 38 may be 
used for injection of fluids into the rock 12. 



